
Lastname: Bergen
Page numbe r :  1

CASSINI SPACECRAFT ACOUSTIC FLIGHT AND TEST
CRITERIA

‘1’llon~m l;. llclgcn,  IIarry }Iillmlblau, and lknnis 1.. KcIn, h4.S. 125-1’29
Jet 1’IoI)LIlsimI  1,abmatory
Calit’m!l ia lnstitutc of ’1 ’cchncrlogy
l’asadc.aa,(’A  91109-8099

ABSTRACT

Acoustic mc.zrsurcmenls  from Cigb[  Titan IV f]igllts,  and an acoustic  (CS[ of a Cassini  silnulator’  and ‘1’itan payload
fairing, (1’1 ,l;), wctc used to dc.rive acous(ic  fligb[ and (CSL ctitct ia {m tlm Cassini s]mcccrafl.  “1’hc fligtlt and latmra(ot y
data wclc used or moclificd 10 account  fm tbc following faclols: (a) noise spike contrrminalion  of ffi.gb[  da(o, (b)
spatial and flig,ht-tmflight  val-iations  of f’li:,ht  dat:l, (c) apl)lic:ition of a Illickcl bar I ic]-blanket 10 tllc }’1 .1: fm tllc
Cassini  nlission after flight datrr showed an cxccssivc acoustic  cnvilonmcnt, (d) cff’ccts of locating two Cassini
fisscnlblics, tile }Iuygcns })tobc (~]1’)  and (hc l]i@l ~iain Atl[cntta  (11 GA), neat ttlc 1’] ,~;, (c) bi~llcl [bl LISt of ul)sidcd
‘1’itat! > olid I ocket motors (SRhfs)  for (k Cassini ]nission, and (f) sl)ccial c.ot~siclcl-:l(i(~lls  for acoustic tcstiilg of [he
Cassini spacccr’af[  without the 1’1 .Ii. An ovct all sour]d  plcssurc lCVC1  of 145 d}] was vet ificd fw the protofligll[
acoustic test critc.ria for the Clrssini sprrcccrafl.

INTRODUCTION

?’hc Ca<sini slmcc.craft, shown in l’i.gulc 1, is cut Ic]ltly ulldc] dcvclol)ll~ctl[ at the Jet l’repulsion 1,aboratory  (JJ’1  )
and its supplicm for tbc National Aeronautics and Space A(llllit)istr?]tioll (NASA) [o explore the. planet SatuI 11, its
rings  rind its moons.  ‘1’hc.  spzrcccraf[  will bc launrllcd by a Titan IV vchiclc will] a Cctl[aur upper s(agc. As clc.scvibcd
ill ttl[cc callict papers [ 1 -3], acoustic data Wc]c accluilcd on prim ‘1’itan  flip,bts using ttlc salne payload failing (1)1 ,l;)
to be used on Cassini but, obviously, with diffcrc.llt l~:iyloads. “J’IICSC ciata slmwcd ltlat tllc nlaxinlurll internal PI .l;
acoustic cnvir onrnc.  nt occunc.d dtrr ing liflofl  and were sh on,gly in flucrlccd  by the launch pacl ccrnfrguralion, c.:.,
IIlinol diffucncws  in mwuslic levels we.lc obscrvd  bctwccn ttlc two silnilal ‘J’it:ln laullct) colll])lcxcs  (1 C-40  and -41)
at Cape. Canavmrl  Al; S/}iastc. r n ‘1’cst  Ranf, e (l Y1’R), but WCIC substantially cxcccdcd by lCVCIS mc.asurcd al the
VaItdcnbCIg  Al;llAVcsIctn  I’cst  RanEc (W’J’J{)  site (S1 .C-41;).  Sillcc (hssini  is schcdulcd to he launched from 1,C~-
41, il was dccidcd to omi{ WJ’R data florn tllc. database once sufficient 1 ;1’}{  data bccalllc available.

1,ikc all outer planetary sprrcccr:lfl, Chwini will lcquitc oli-bomd nucleat powct bc.cause the gte.at distance f((lln
lbc Sun prccludcs [k use of solar lmwcl. Spccifrcally,  electric [rower will be provided by three. I adioisotol]e
thcl lt~oclcctric  g,cncrators (1< ’J’Gs)  of cssctltially  identical dcsip,l~ to those used oa Galileo and LJlysscs sjmccctaft.
llowc.vet, [be Cassini  vibration responses to the acoustic  Cnvirmrlicnt at the RIG rllollntit]gs  ale cxl]cctcd (0 cxcccd
II)ose of its prcdcccssors, rccluiling eitllcr RTG rcdcsi~~tl aml tcqualiflcatior] or redaction of tlic Cassini cnvironll~cnt.
NASA and J]’] ~ concluded that acoustical attc.rlua~ioll would  bc tllc lllost COSL cffcztivc  solu(ion, ‘1’lIus a lnog,IaIn wm
initiated 10 reduce  the acoustic cnvironrncnl ap~)licd  to Cassini [4-8]. }Iowcvcr , acoustic rcduc~ion was Iccluircci over
only a Iclativc]y Iilnitcd porlion of (IK sl)cctl LIIII,  nari]c]y,  IIlc 1/3 octave band (011) range of 200-250 11?.

FLIGHT DATA SUMMARY

Plcvious sulnmalics  included Iif(off  intct nal 1’1 .}; acoustic data ftoril ‘J’itan IV l;lig,llts K- 1,-4, -7, -9, -10, -19, -:! 1,
and -23 Iaullchcd florn  Ii’1’1<. A Iota] of ?? inter nal })1 .}; acoustic  rnc. asurcrllcnts have curl cnt]y bcc. n au uit cd on\
these cip,ll( flights, of these., 17 Inicro[)l]olics  WICK at(acllcd [n [I)c 1’1 .I~, while five were SUIJIKN {cd off the Centaur
fot wald skill just bc]ow  tllc spaccctaft. “1’l~c 22 rllcasule.mcnts  itlcludc 8 repeal rtlcasu]clllcnts  on sabscquen[  flights.
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‘I’hrcc arfclitionrrl K-4 rl~icrophones  were su~~portcd  on20inct) standoffs  frolllttle  I'I,F. Onaverage,  acoustic clrrta
from these three standoff microphones were observed to beabout  2dBless  tt~an PI,F surface data, IIowever, tbe
number ofstandoff  rncasurements  wasdeellm.d to be insufficient for tlw purposeofreducing  tbeacoustic  criteria, aad
the use of t}tc 22 ntcasurcnten[s  is considered conservative for the dcrivatiorl  of the acoustic flight and test criteria.

Asprcviously  dcscribcdin  [l], liftoff acoLlstic clatafroril  IYl'Rwcrc  particularly susceptible toelcctrical  noise
spikes. A special procedure wasdcvclopcd  torelllovc  thccffects  ofthiscontarl~ination  frorndata  forthc first six
flights [9], while standard editing methods were used on the last two flights prior to spectral analysis [ 10].

linvclope.s  over the 17 maximrrx PLF and the 5 maximax Centaur acoustic spectra were drawn, resulting in the
heavy Iincs of FiSurcs  ‘2-3. Statistical anrrlyses  were also pcrfor[ncd on all 2.2 spectra. liigurc 4 slmws the n]ean
value and 95 percent upper tolerance linlit, with 50 percent con fidcncc, based on statistical analysis of the 22 spectra
of I;igurcs 2-3, assuming a normal distribution of SOLlrld pressure levels (SPI ,s) for each 1/3 011. ~’hc usc of P95/SO
statistics for deriving vi broacoustic  criteria from flight data has been a USAF and NASA tradition for rttany years.

ACOUSTIC TEST DATA SUMMARY

Nlat Panel  Rcsu]ts. A test program was initiated to detem]ine if an increase in acoustic trlankct thickness and/or
the adclition of a sound barrier could achieve the. desired reciuction  of acoustic loading applied to Cassini and its
RIGs.  An elaborate series of flat panel tests were first in~plc.rncntcd to determine. if either or bc~th of these solutions
could produce the needed attenuation of 3 dtt 01 more in the 200-250117, bands [6,7,11]. I“csting was ncccssary
because t}lc. application of acoustic theory to this problcrrl  was severely Iirllitcd  duc to an inability (O accoLlnt
sin~Ltltanc.ously for twin factors of sound absorption and translnission.  }ilat panel results indicated tl)at only onc of
ttlc tcstecl configurations could achie.vc the desired reduction without a substantial increase in payload !iftoff  weight,
namely, a 6 in. blanket having a density of 0.6 lb/ft~, plus a 0.043 in.nlicl-plane barrier having a surface density of
0.44 lb/ftz, for an overall surface density of 0.74 lb/ft2.

l’hc standard ‘1’itan IV 3 in. blanket having a density of 0.6 lb/ft~, for an overall surface density of 0.15 lb/ft~,
was also tested since blankets of this design were installed during flights when acoustic measurements were r[lade.

Cassini Simulator/J’l,F  R e v e r b e r a n t  T e s t  P r o c e d u r e . Unfomrnatcly,  the attenuation was needed in the
frequency range (200-250 117.) dominated by the ring frequency of the cylindrical portion of the. PI l’. ~“hus there. was
no guarantee that flat panc,l rcsrrlts  would bc directly applicable to the Cassini installation. As a rcsrrlt,  PI,F tests
were clccmed necessary to demonstrate that adequate rcductiorr  was achievable under realistic C,assini conditions.
I:ortunate.ly,  (hc timing of PI,F blanket tests coinc.idcd with vibroacoustic  testing of tbc Cassini  partial dcveloprllent
test model (l)”J’M), the simulator shown in F’igrrre 5, which siltlultaneously  permitted the clcterlllination of acous{ic
attenuation effects on the structural response of spacecraft and component simulators [1 1, 12]. Unlike tile. partial-
lY1’M test in its PI,I~, the forthcorr]ing  protoflight acoustic test on the actual Cassini spacecraft in the JP1
rcvcrbcrant  cl)anlbcr  will Dot utilize a PI.1~. ‘1’hus spc.cial attentiotl is required to account for acoustic loads cxpc.etcd
to cause higher spacecraft vibration response, especially loads applied to the }Iuygens  P1obc  (111’) and the }Iigh C,aia
Ante.nrra (}IGA)  as dctcrlllined frool  partial-Dl’M/PI  J’ testing. In addition to dctcrlnining  the acoustic transmissiord
absorption of the 3- and 6-in. blanket configurations, (hc other objectives of partial-I>TM testing incluclcd:
(a) I)ctcrlninatioa of fill effects of having the. 11P and other Cawini clcnwmts  in close proxirllity to the PI l’.
(b) Evaluatiorr  of the effects of having the !lCiA separate the biconic section from the cylindrical section of the PI. I’.
(c) I )ctcrmination of the effects of percentage blanket covcragc on acoustic attenuaticm.
(cf) Evaluation of the effects of tuned vibration atrsorbers  ~1’VAs)  on the structural response of RIGs.
‘1’hc Cassini partial- I~rl’M was installed in a 60 f( long section of the PI .I~, along with a Centaur-like support
strLlctLlre, and the blanket con figLlration to bc. testc.d attached to the PI .l; interior for the spcciflecl acoustic test run, as
shown in l~igurc, 5. This assembly was installed in the Reverberant Acoustic I aboratory facility located at 1.ockheed-
Martin Astronautics in Iknve.r, CC), where acoustic noise frorll air rllodrrlators  was applic.d to tile PI .1: exterior. A
sketch of the 8 exterior and 27 interior microphone locations appcats  in Figure 5. A total of 72 acccle.ron)cters  ancl 4
triaxial force gages were also installed on or in the Cassini partial-Dl’M structure. I)ata from sornc of these
transducers has been rcporled  elsewhere [5-8,1 1,12]. I;or tljc Cassini n]ission,  it was intended that the thicker barlic.r-
blankct bc installed on the PI .F interior in the. vicinity of the major portion of the spacecraft only, ratlw.r than
cornplctc  PI,l~  coverage, in order to save weight while still being locally effective.

Allhougll  gene.rally sit]lilar, the.rc are important diffe.rcnce.s between the. acoustic cnvironnlcnts  applied to the
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1’1 /li cxlcrior  during  flight ancl during a rcvruhcrant  acoustic cilanlhm  [ml. Also, [Ilcrc is some variability bctwccrr
rcvcrbcrant  test runs, mainly clue to difficulties in achieving pcl feet acoustic tcs( contlol. ‘1’0 avoid having potential
ct[o~s influence the cvalurrticm of the 6 in. ban icr-blankri, and the prediction of ttlc flight cnvirontllcnt using tlm
tllickcr configuration, the following proccciutc  was used in processing the IIIMSUICCI acoustic drrta:
(1)

(2)

(3)

(4)

(5)

};or cac}; test run, all nlic~ophone data were analy?cd twice, first using a constant resolution banciwidtt]  of 4 llz.
up to 2 kll?., and then using 1/3 011s with ccntcr  frequencies ratlging from 31.5 Ilz to 4 kliz.
f ;ol each rLln, the avctagc 1/3 OJ1 S1’1., plus tile ovc.rail (OA) S1’1,, fol tllc six cx(crllal control nliclopimncs was
compulcd for each 1/3 011, and the. diffcrcncc takn between this aver agc and tbc cxtcr nal acoustic test
specification. ‘1’his diffcrcncc  is called the cx(crnal  con cclion.
l;orcachrrrn, the 1/30}1 SPIjsflola 15 internal micro  jlhoncs wcrcavctagcd  and adjusted tlsil)g  tllccxtcrrl;ll
conection of Stc~j2.  “1’hcavcragc 1/3 011 SI’lzs:ltcc:lll  ccltl]cintcltlal  adjLlstcd spcctl Llln.
'l'c~prc.dict  tllcadcliti(lllal acc)tlstic atlcllLlati()ll (Jftllctllickcr  cc)llfigllrati(  )11,  tl~cdiffcrel~ccw astakcllt)  ctwccr)tl-lc
intclnrrl adjusted acoustic spectra of Step 3 fm tbc al)l)lic:~blcJ):lirc]f  test Iuns, i.e., (a) [Ilc original 3 in. flight
blanket, and (h) the 6 in.(lrssini  barticr-hlankct  .
“I’ocsl:lblistl  tllcrcviscci~ ~assitliflip,llt  :lcoLlsticc titcti< illsillgtl lctllickct cc)l~figLlr  aliotl, tllcciiffcrcr)ccC )fStc~>4
wassuhtractccl frcmttlcoriginal  P95/50ftigl]t ac(Jtlstic clitclias il(J\vtli tll; iS111c4.
lixpcricncc has shown that acoustic fill cffc.cts can cause a substantial incrcasc  in [Ilc local acoustic cnvil-onmcnt

a}]f)liccl  to strLlctural assclllblics wbicll  arc C1OSC to the I’ll [13]. ‘1’hc  IIi’  is the close.st of these asscrnblic.s, being
app]oxilna(cly  34 in. from tile 1’1 J; surf ace.. ‘1’hc two lllcttlods of (icte.rlnilling fill effect arc (a) an alialylical fomula
dcrivcci from a rcccntly rc.viscci tilcory [1 3], and/ol- (b) tlm ciilect lncasutcmcnl  of the S1’1 ,s in tile gap.

As seen in l;igurc 5, the Cassini }lCiA cffcctivcly  scpalatc.s tllc biconic section of tllc 1’1 J; flolll the cylinctl ical
se.clion,  i.e., scpatating  tile P],]; cavity into two voiu II Ics. ‘1’tlus it woui(i  not [x suqmising  to fin(i two distinct
acoustic cnvironlllcats  fcm these voluIIIcs,  both of whicl) apply flLlctLmting  pIcssufc  to opposite si(ics of the HGA
wi(}l tl]c s[ructura]  loading cicpcndcni  on tl~c J~rcssLlrc  crcJss-si>cctl L]lll amoss the I] GA. Cohclcncc.ctata  ~14. 16] fot a
mic~ophonc pail on opposite sides of the llGA CIOSC to the stlrrctLlte, i.c, M4 aticl M6 in };igurc  5, show low
cohclcncw (cxcci)t  at 43 117),  which indicates Illat the two acoustic frclds act indcimdcntly  ami the twc~ sl}cctra should
bc root sum squared. At 43 }1?., thccobcrcnceis  fairly hi.gban(i  the phase angicis nearly zelo, indicating the
instraltane.o  uspressuresshouirl bcsubtractcci  ancithc lc~adingreciucc(i.

Cassini Simulator/lDI.l{’  Reverberant ‘1’cst Results.rl’l)c Iaw acoLlstic test data was pIoccsscd in accor(iancc
witlt Stcl) 1-5 tcrprovidc the clcsircd revision to t}lc Cassini  fli~hl acoustic oitcria. };igurc. 6 sl)ows tbc intclt]al
acijuste.ci simct[a for tile. tests of tile 3 in. fligilt blanket, and the 6 in. Ca\sini hatiic. r-hlankct  (wtiicll was itlstallcci in
the vicinity of the spacccraft)andthc3 in. blanket clscwlmc. l’hc additional acoustic at[cnuation  proviclcd  by the
tilicken configymation  was obtainc(i by taking tl)c ciiffcrcncc all(i suhtlacting it fro]tl the 1’95/50 flight si>cctturll of
}iiSLlrc  4 in order to prc.ciict the Cassini 1’95/50 intc.rnal fli~ill  spcctruln shown in l;igulc 7.

I’ocictcrll]inet  ilcfiil cffcc.t fol tllc Illlygcl~s l’rc)t>c, Micrc~i,ll[)llc 11 si)()\v11il}l~igLlIc5  w:islocatecli rltt~c.28  in.
g:ii>bctwccnt tlcce~ltcrc )ftilcI lI'al~dttlcl'l, I;. ltll~alfllr~ctic~ rlccl(itIrirlg tllctc.s( () ftilc6in. bar[ic~-blaIlkct, 1~~akill~
a ciit”cc( lttcasurcmcnt  impossib]c,  but foltunalc]y,  t}mlcvise(i  allaiytica] fill t])coly [13] coui[i bc sLli)slitLltcCi.

As obsc] vc.ci in l;igLlrc S, ti~c I1(iA  cffcclivcly  (iivi(ics tile 1’1 J; cavity into two volLIn~cs, i.e., tim biconic section
above an(i  [he. cyliacirical section bciow ti]c llGA.  ‘1’hc flight acoustic ciata WCIC  acqui[e{i at locations in tile cylitlci tical
section oniy. ‘1’IILIS it was nc.cc.ssary to obtain acoustic ciata in hot[l sections ciutillg tim I’artiai-I N’M/}’IJ: test to
ascertain if higher or lower S1’1.s cxistc(i  in lhc biconic scctiotl. lfi)igimt icvclswc  lcfollllci,tllc rla(]i[]c  le[[sci[llllc
~assini  acoustic [estcritcria  woLli(i bcjustific(iovcr  t]lat(ic.tcxil~ incdfrorn  prcviousiligh[  ciata. ]Jorar]l>licatiorlto
Cassini si)ace.craft acoLlstic testing, data for tile two acoLlstic flclcis froln  the test of ti~c 6 in. blanket were ccmlparcci,
Spectra for the tiwcc microphorlcs  within tile biconic section (M?-4) were averaged anti co]nl~arcci witi) the spcct) al
average frorll 15 microphones in tile cylimiricai section. Acoustic un(icltcs[it~g  of tile Cassini spaccc~afl  wiii bc
avoi(ic(i by increasing the 1’95/50 fligi~t  spcctr urn of l;ig Lltc 4 by tilis ciiffcrcncc.  ‘1’hc avoiciancc of II CIA un(icr-  or
over-testing is aiso cicpcn(icn[  on tile pl-cssLrlc  cross-  s}lcctl Llta actoss opimsitc si(ics of tim }l(iA ciurinx  the
forthcotning  Cassini spacecraft acoLlstic test.

CASSINI S1’ACIICRAl~rJ’ ACOUSTJC l~l/IGllrl’  A N I )  ‘J’JHrJ’ CRITltRIA

III o]ciet to provicic. m o r e  thrLlst totllc ‘J’itanl V vchiclc, wilicil  is IcciLlirc(i to pc.rlllit tile laLlnch of the heaviest
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possible spacecraft propellant mass, the pIcvioLrsly-usc.cl  standard steel cnsc solicl rocket n~otors (SRMS) will be
I c}]laccd hy rcccntly-clcvclopccl mot-c pc)wcrful (7 pc] ccn[) conl~nsitc  case SRM upgmdcs  (S RM~Js).  This chansc is
prcdictccl  to result in a snlall incrcasc in acoustic Icvcds, lCSS than 1 d]],  which nlust bc taken into account bcfolc ttlc
re.vise.d Crrssini  flight critcl-ia and the Cassini sl]acccrafl  acc)Llstic test cl-itcria ale dc.rived. la sLllnmary,  the acoust~c
flight cl-itcria, and tbc acoustic Icst criteria for the upconliilg spacecraft test withoLlt the 1’1 .l;, were dcrivccl Llsing:
(1) the P95/50 internal 1’1 ,1; fligld spcctrull] of I’igule  4,
(?) lninus the ctiffcrcncc between the iatcraal  adjusted sl]cct[a  of I’igLlrc  6 to accoLlnt for the thiclwr ba[-ricr-hlankct

altclluatiml,

(3) plLIs a ] d]] increase for using the SRM(JS  for tllc Cassini  lnissioa, lc.suiting in the revised Cassini acoustic
flighl criteria of }iigurc 8,

(4) p]Lls tbc nlaxitnlnn of (a) tbc 11P MdytiCd  fi]t effect, and (b) tbc ctiffcr’cncc bctwccn  the two average acoustic
spectra am oss the }](3A,

(S) plus  ]nirror “acijustlncnts”  nccdcd to pl-ovidc a snlootll test spcctl UIII rcquitc,d  by ail lnoclLllators, rcsLlltirlg in tllc
Icviscd  acoLlslic test clitcria fnl the Cassini spaccctaft, also shown in I;igLlrc. 8.

q’hc test spcctrtun to bc used for tbc rcvcrbcrant acoustic test of tbc Cassini spacecraft without [tic PI J; has a
prc)toftight  margin  of 4 CIII over the I;A test spcch UI)I  of FigLllc 8.

“1’hc work dcscribccl  in this paper was cart;cd out at the Jet l’lopLllsion  1,abolatory, California lnstitutc  c)f
“1’cchnology, Llnclcr a contlact with the National Aclonautics  and Space A(llI]irlistI/i[icJl).
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